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(54) Guidewire having compound taper 

(57) A guidewire for a catheter having a corewire 
that includes a compound taper at its distal end portion. 
The compound taper of the corewire has a first taper 



that transitions into a second taper. The first taper prox- 
imal of the distal tip of the corewire has a greater angle 
with respect to the central longitudinal axis of the 
corewire, and is shorter in length than the second taper. 
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Description 

Background of the Invention 

Guidewires are used to assist the insertion of diag- 
nostic and therapeutic catheters into body passages 
such as arteries and vessels. To guide the catheter to 
the appropriate location the guidewire is inserted into 
the patient and advanced through the cardiovascular 
system while the progress of the guidewire is monitored 
on an x-ray imaging screen. In some procedures, the 
guidewire must be advanced and steered through ex- 
tremely tortuous cardiovascular passageways in order 
to reach the area to be treated or diagnosed. Accord- 
ingly, it is important that the distal tip of the guidewire is 
flexible to facilitate the advancement and navigation of 
the guidewire along its tortuous journey. Likewise, a flex- 
ible tip is also needed to avoid damaging inner walls of 
the vessels and arteries with which the tip comes in con- 
tact as it is advanced. It has therefore been the subject 
of much inventive activity to develop guidewires and 
guidewire tips that are extremely flexible and steerable, 
so that the guidewire can be easily manipu lated into var- 
ious branches and passages in the vessels and arteries. 

Not all catheterization procedures require that the 
guidewire and catheter be advanced through extremely 
tortuous pathways. In more routine cases ; the physician 
need only guide the catheter to treat or diagnose regions 
in primary or otherwise more accessible passage ways 
of the cardiovascular system. Thus, in more routine cas- 
es, it is not necessary to navigate the guidewire through 
a tortuous pathway. In such cases, the advancements 
made in extreme flexibility of guidewires and guidewire 
tips can actually hinder the progress of the physician be- 
cause, during advancement, the guidewire tends to find 
and follow side branches and undesired passageways. 
This increases that amount of work required by the phy- 
sician and unnecessarily prolongs the duration of an 
otherwise routine procedure. 

There is a need for guidewires for use in routine 
catheterization procedures that will be less likely to find 
unwanted side branches and more likely to travel in a 
generally forward direction. Nevertheless, flexibility is 
still quite important in any catheterization procedure, 
both for avoiding trauma to vessel or artery walls and 
for maintaining steerability. Accordingly, there is a need 
to provide an easily manufacturable guidewire that has 
the desired ability to avoid unnecessary detours without 
sacrificing the flexibility and steerability required of a 
guidewire. 

Disclosure of the Invention 

The present invention provides a guidewire having 
a corewire that includes a compound taper at its distal 
end portion. The compound taper provides an abrupt 
change in stiffness from an extremely flexible distal tip 
portion, to a stiff er but still quite flexible proximal portion 



of the guidewire. Due to the abrupt change in stiffness 
the guidewire will tend to proceed in a generally forward 
or straight direction rather than followthe extremely flex- 
ible tip portion into side branches. By contrast, a single 
5 longer taper will tend to follow the flexible tip portion into 
side branches, requiring the physician to at least partial- 
ly withdraw the guidewire and try again. 

The compound taper includes a first, relatively 
steep taper portion and a second, more gradual taper 
10 portion. The first taper portion of the compound taper 
provides the abrupt change in stiffness and imparts a 
rather significant stress concentration over a relatively 
short distance of the corewire. The sudden increase in 
stiffness, coupled with the concentration of stress at this 
15 narrow region of the corewire provides increased control 
over the distal portion of the guidewire, making it easier 
to prevent it from following the flexible tip into side pas- 
sages. The second more gradual taper portion of the 
compound taper eases the stiffness transition, and dis- 
20 tributes the concentration of stress proximally from the 
first taperto reduce the possibility of kinking or breakage 
at the stress point associated with the first taper. 

Advantageously, the abrupt stiffness transition, fol- 
lowed by the more gradual transition of the compound 
25 taper of the invention, provides a sufficient amount of 
control to generally keep the guidewire from inadvert- 
ently proceeding down side branches, while maintaining 
sufficient flexibility to minimize trauma to the vessel and 
artery walls. This allows a physician faced with a more 
30 routine procedure in which a stent or balloon need only 
be positioned in a main passage, to select a guidewire 
according to the invention and carry out the procedure 
with less work and in less time. In addition, since the 
compound taper is simply a novel aspect of the corewire 
35 profile, it is easily manufactured according to known 
techniques for grinding corewires, and does not require 
the assembly of different materials such as reinforcing 
tubes, solders or brazes. 

It is therefore one aspect of the invention to provid- 
40 ed an elongate flexible guidewire comprising a core 
wire, said core wire comprising a distal portion including 
a distal tip and a compound taper portion proximal of 
said distal tip. The compound taper portion comprises 
a first taper portion from a first diameter of the corewire 
45 to a second diameter of the corewire that is greater than 
said first diameter, and a second taper portion from said 
second diameter of the corewire to a third diameter of 
the core wire that is greater than said second diameter. 
The compound taper portion continuously tapers from 
50 said first diameter to said third diameter and the first ta- 
per portion has an angle with respect to the central lon- 
gitudinal axis of the guidewire that is greater than the 
angle of the second taper portion with respect to the cen- 
tral longitudinal axis. 
55 in a preferred embodiment, the first taper portion 
has an angle with respect to the central longitudinal axis 
that is from about 30° to about 50° , and the second taper 
portion has an angle with respect to the central longitu- 
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dinal axis that is from about 1 0° to about 20°. Still more 
preferably, the first taper portion is from about 0.20 inch- 
es to about 0.50 inches in length, and the second taper 
portion is from about 0.75 inches to about 1 .75 inches 
in length. 

Many additional features, advantages and a fuller 
understanding of the invention will be had from the fol- 
lowing detailed description of the preferred embodi- 
ments and accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is an elevation segmented view of a flexible 
guidewire constructed in accordance with the invention. 

Fig. 2 is an elevation of a compound taper portion 
of a flexible guidewire according to the invention. 

Detailed Description of the Preferred Embodiments 

Referring to Fig. 1 , a guidewire according to the in- 
vention is shown including an elongate corewire 10, 
preferably formed from stainless steel or the like. The 
corewire 10 is constructed to include afirst proximal uni- 
form diameter portion 12, which extends the majority of 
the length of the core wire 1 0. From the proximal uniform 
diameter portion 12, the corewire includes a distal por- 
tion, designated in Fig. 1 as the portion DP, that extends 
to its extreme distal tip 14. Along the distal portion DP 
of the corewire between proximal uniform diameter por- 
tion 12 and distal tip 14, the corewire 10 reduces in di- 
ameter. Working backward from the distal tip 14 to the 
proximal uniform diameter portion 12, the preferred 
corewire includes an extremely flexible, generally flat 
ribbon portion 18. The nbbon portion 18 transitions into 
a compound taper portion 30, which includes afirst com- 
pound taper portion 32, and a second compound taper 
portion 34. In the preferred embodiment the compound 
taper portion 30 transitions into a second proximal uni- 
form diameter portion 20. The second proximal uniform 
diameter portion 20 then transitions into a third taper 
portion 22 which tapers to an increased diameter termi- 
nating in the first proximal uniform diameter portion 12. 

Typical guidewires have lengths ranging from 
length of about 70 to 120 inches, with the proximal uni- 
form diameter portion 1 2 typically comprising all but the 
distal most 12-15 inches of the corewire. The proximal 
uniform diameter portion 1 2 of most guidewires will have 
diameters on the order of from about 0.010 to 0.038 
inches. Of course, the dimensions of proximal portion 
12 can vary in the industry depending on the materials 
used, and procedures for which the guidewire is intend- 
ed as would be apparent to those of ordinary skill in the 
art. Preferably the first proximal uniform diameter por- 
tion 12 is coated on its outer surface with a lubricous 
coating (not shown), such as polytetrafluoroethylene 
(PTFE) or the like to reduce friction and facilitate its 
movement within a catheter lumen as is known in the art. 

The most important aspect of the invention is the 



compound taper portion 30 of the corewire. The first ta- 
per portion 32 of the compound taper 30 creates a nar- 
row stress concentration in the corewire and imparts an 
abrupt change in stiffness from the flexible ribbon por- 

5 tion 1 8. The stress concentration abruptly increases the 
force necessary to bend the guidewire at the short taper 
portion 32. As a result, when the flexible ribbon portion 
18 begins to bend down a side branch as the guidewire 
is advanced, the stress concentration at portion 32 re- 

10 sists the tendency to bend and follow the tip. When ad- 
ditional forward force is applied to the guidewire, the 
flexible tip pulls or snaps out of the side branch and pro- 
ceeds in a forward direction. 

The concentration of stress forces at the first taper 

15 portion 32 can cause the guidewire to kink or the 
corewire to break at the transition from the flexible tip to 
the compound taper. Accordingly, the first taper portion 
32 transitions directly into the more gradual second ta- 
per portion 34. The second taper portion 34 smooths out 

20 the stiffness transition and distributes the stress proxi- 
mally along the corewire 10 when the corewire is bent. 
By ensuring that the first taper portion 32 is short and 
transitions directly into the longer, more gradual second 
taper portion 34, the bending stresses are sufficiently 

25 distributed so as to prevent kinking or breakage of the 
corewire at the first taper portion 32. 

Preferably, the first taper portion 32 increases the 
stiffness of the corewire by about 35% to about 55%, 
with an increase in stiffness of about 50% being espe- 

30 cially preferred in this area of the compound taper. This 
provides the large ; instantaneous stiffness change from 
the flexible nbbon tip that prevents the core wire from 
tending to followthe flexible tip into unintended side pas- 
sages and the like. By smoothing the transition and dist- 

35 nbuting the stress along the second compound taper 
portion 34, the overall flexibility and steerability of the 
guidewire, as well as its structural integrity is not ad- 
versely effected. 

As can be seen in Figs. 1 and 2, the first taper por- 

40 tion 32 of the compound taper 30 is an abrupt taper that 
transitions from a first diameter of the corewire D1 to a 
second diameter of the core wire D2. In a typical case, 
the first diameter D1 can range from about 0.0025 to 
0.0035 inches. The second diameter D2 will be on the 

45 order of about 0.005 inches, but will vary depending on 
the length of the first taper portion 32. The second taper 
portion 34 of the compound taper portion 30 is more 
gradual and extends from the second diameter of the 
corewire D2 to a third diameter of the corewire D3, which 

50 will typically be on the order of from about 0.0070 to 
0.0090 inches. Importantly the first taper portion 32 is 
shorter than the second taper portion 34. Preferably the 
first taper portion will range from about 0.200 to 0.500 
inches in length, and the second taper portion 34 will 

55 range from 0.75 to 1 .75 inches in length. Moreover, the 
first taper portion 32 makes an angle A1 with respect to 
the central longitudinal axis of the corewire of from about 
30° to about 50°, and still more preferably about 50°. 
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The second taper portion 34 preferably makes an angle 
A2 with respect to the central longitudinal axis of the 
corewire of from about 1 0° to about 20° , and more pref- 
erably about 20°. 

As noted, the compound taper portion 30 is inter- 
posed between the flexible tip portion 18 and a second 
proximal uniform diameter portion 20. The second prox- 
imal uniform diameter portion will generally constitute 
about 80 to 90% of the distal most 1 2 to 1 5 inches of the 
guidewire comprising the distal portion DP. The portion 
20 of the corewire, which has a uniform diameter corre- 
sponding to diameter D2, serves as a staging area or 
platform for manipulating devices associated with the 
catheter. In practice, the second uniform diameter por- 
tion 20 will be located across a lesion, stenosis, occlu- 
sion or the like. Subsequently, a catheter is moved over 
the guidewire such that a stent, balloon, a balloon car- 
rying a stent or the like is positioned on the portion 20. 
Thus, when the stent is deployed or the balloon inflated, 
the portion 20 serves to support the procedure. Accord- 
ingly, the dimensions associated with the second prox- 
imal uniform diameter portion 20 may vary depending 
upon the procedure and catheter with which the 
guidewire is to be used. Moreover, while the second uni- 
form diameter portion 20 will be present in most 
guidewires associated with the invention, it is contem- 
plated that the compound taper of the invention will be 
useful in any guidewire where the control associated 
with the compound taper is desired. 

As with the first proximal uniform diameter portion 
12, the second proximal uniform diameter portion 20 
may be coated with a lubricous material such as PTFE. 
In addition, it is frequently advantageous to coat or plate 
portion 20, such as by electroplating, with a radiopaque 
material such as silver, gold, platinum, tantalum or the 
like (not shown). This serves to assist the physician in 
locating the portion 20 across, for example, an occlusion 
and thereafter locating a balloon or stent at the appro- 
priate place along the guidewire. As seen in Fig. 1 , the 
second proximal uniform diameter portion 20 transitions 
into the first proximal uniform diameter portion 12 
through a third taper portion 22, which is also coated 
with PTFE and/or a radiopaque material. Typically, the 
third taper portion will be on the order of about 1 .2 inches 
in length. 

The ribbon portion 1 8 is a constant diameter portion 
of the corewire about 0.60 to about 1 .0 inches in length 
that has been pressed flat to enhance flexibility and 
steerability. Prior to flattening, the corewire typically has 
a diameter of 0.0025 to 0.0035 through portion 18. The 
ribbon portion 18 commences about 0.20 inches distal 
of the first taper portion 32 of the compound taper 30 
and terminates about 0.20 to 0.40 inches proximal of the 
extreme distal tip 14 of the corewire. This latter portion 
of corewire provides structure on which to weld the coil 
40 to the corewire 10. In some instances, a physician 
will prefer a slightly stiffer tip. In this case, ribbon portion 
18 is not flattened and the corewire extends all the way 



to its distal tip 1 4 at a constant diameter on the order of 
0.0025 to 0.0035, or increases in diameter at the distal 
most 0.20 to 0.40 inches to provide structure for the 
weld. 

s Surrounding the core wire between the distal tip 14 

and the second proximal uniform diameter portion 20 is 
a flexible spring or coil 40. The coil 40 is secured to the 
core wire distal end 14 by a weld 24 or other means of 
attachment such as brazing, adhesive or the like. Pref- 
erably, the weld or braze 24 defines a smooth hemi- 
spherical bead which does not damage the inner lining 
of blood vessels, arteries or the like with which the 
guidewire tip comes in contact. The proximal end 42 of 
coil 40 is secured to the core wire 1 0 by soldering, braz- 
ing adhesive or the like, preferably at a middle portion 
of the second taper portion 34 of the compound taper 
30. The purpose of the coil 40 is to increase flexibility of 
the distal tip portion of the guidewire, and to provide ra- 
diopacity. As shown, the coil 40 includes a first portion 
44, comprising the distal most 0.5 to 1 .0 inches of the 
coil, wherein the coils are tightly packed with a gap on 
the order of 0.001 to 0.002 inches, and a second portion 
46, roughly comprising the proximal 0.20 inches of coil 
40, wherein the coils are slightly spaced apart a distance 
of about 0.005 to 0.010 inches to facilitate securement 
to the corewire 1 0. The overall length of coil 40 is about 
0.7 to about 1.2 inches. However, there are numerous 
coil configurations known in the art suitable for use in 
connection with a core wire having a compound taper 
according to the invention. Examples of various coil con- 
figurations include those disclosed in U.S. Patent Nos. 
5,259,393 and 5,174,302, incorporated herein by refer- 
ence. 

Guidewires as disclosed herein can be easily man- 
ufactured using known techniques of corewire grinding 
as would be apparent to those of ordinary skill in the art. 
Given the parameters disclosed herein, one skilled in 
the art need only input the inventive corewire profile into 
a computer and the corewire will be ground to the de- 
sired dimensions. 

Many modifications and variations of the invention 
will be apparent to those skilled in the art in light of the 
forgoing detailed disclosure. Therefore, within the scope 
of the appended claims, the invention can be practiced 
otherwise than as specifically shown and described. 



Claims 

so 1. An elongate flexible guidewire comprising a core 
wire, said core wire comprising a distal portion in- 
cluding a distal tip ; said distal portion including a 
compound taper portion proximal of said distal tip, 
said compound taper portion comprising a first ta- 

55 per portion from a first diameter of said core wire to 
a second diameter of said core wire that is greater 
than said first diameter, and a second taper portion 
from said second diameter of said core wire to a 



15 



20 



25 



30 



35 



40 



4 



EP 0 818 215 A1 



third diameter of said core wire that is greater than 
said second diameter, said compound taper portion 
continuously tapering from said first diameter to 
said third diameter, said first taper portion having 
an angle with respect to a central longitudinal axis s 
of said guidewire that is greater than an angle of 
said second taper portion with respect to said cen- 
tral longitudinal axis. 

The guidewire according to claim 1 wherein said 10 
first taper portion has an angle with respect to said 
central longitudinal axis that is from about 30° to 
about 50° , and said second taper portion has an an- 
gle with respect to said central longitudinal axis that 
is from about 10° to about 20°. is 

The guidewire according to claim 1 wherein said 
first taper portion is shorter in length than said sec- 
ond taper portion. 

20 

The guidewire according to claim 1 wherein said 
first taper portion is from about 0.20 inches to about 
0.50 inches in length, and said second taper portion 
is from about 0.75 inches to about 1.75 inches in 
length. 25 
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